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VIA: Email & FedEx Tracking # 7715 4298 5083

February 22, 2018

David Aibright
Manager, Drinking Water Protection Section
U.S. Environmental Protection Agency
Region IX
75 Hawthorne Street
San Francisco, California 94105

Dear David:

Excelsior Mining Corporation (Excelsior) has reviewed comments received by Earthworks and
Tom Myers (collectively the “Myers” comments) during the public comment period for the
Gunnison Copper Project UIC draft permit and wanted to provide you our responses to some of
those comments. As you are aware, Excelsior has expended a great deal of time, effort, and
money to develop a mining plan that will meet the rigorous requirements of the UIC regulations.
We believe this plan is sound and will be protective of the public and the environment at and
around the mine. Many of Myers comments are frivolous and repetitive and clearly demonstrate
a lack of understanding of the proposed project by the reviewers. Excelsior is concerned that the
reviewers of the UIC permit are only interested in delaying or ending the project. We have tried
in good faith to negotiate with Amerind and Earthworks, the two most vocal opponents of the
project, to no avail. It is clear to us that they are using delay tactics to avoid final issuance of the
permit.

The significant assertion from the forty plus pages of comments, is that solutions will migrate out
of the weilfield, and be undetected by the proposed monitoring network. This demonstrates a
total lack of understanding of the permit and proposed monitoring. The Intermediate Monitoring
Wells (IMWs) were selected because they intersect every significant structure within the
proposed welifield (see Table A-2 in Attachment A-i of the permit application). Therefore, any
migration of solution along any of the major potential fluid channel ways will be detected before
it can leave the wellfield, and in fact before it even reaches the HC well boundary. Minor
structures are connected to the major structures and dispersion will ensure the detection of any
migration. In addition, HC wells are specifically placed to detect, intersect and/or capture
solutions from not just these major structures, but anything within the hydraulic influence of the
HC well. Therefore it is not feasible or realistic to assert that “solutions will leak undetected and
uncontrolled” from the wellfleld.
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Earthworks and Amerind provided comments on the APP in 2017. Similar and/or identical
comments have been provided by Amerind/Earthworks on the UIC permit. These comments
focus on the model and not on the permit, and totally disregard the significant technical expertise
involved from both agencies in the development of the comprehensive monitoring network.

While the comments raise concerns about groundwater flow directions and the impacts of the
mining operations, Dr. Meyers, in an internal memorandum dated September 25, 2017, obtained
from EPA through a FOIA request, indicated his belief that an appeal of the APP permit would
not be granted. His reasoning is provided in this quote from his memorandum (page 2, first full
paragraph):

“The larger question is this: what do we getfrom an appeal hearing? We are not going to
show that the mine is a threat to Dragoon-area groundwater~ simply because theflow
gradients are to the eas4 not towards the community or its well. We do not have evidence
to show their potentiometric surface maps (flow direction) are so wrong that theflow is
actually toward Dragoon. That means I do not think we could get the project denied. The
best we would get is afew more POC wells. I do not recommend an appeal because it is a
huge effortfor very little realpotential gain.”

We could not agree more — the mine will not be a threat to Dragoon-area groundwater. In fact,
the mine will not be a threat to any USDWs.

Excelsior has, in the attached document, provided our responses to key issues in the Meyers
comment memorandum on the UIC. Clearly most of these comments were provided verbatim to
ADEQ at the time the Draft APP permit was under public comment. We did a Word document
compare to point out what has been changed between the APP and UIC comment letters by
Meyers. ADEQ reviewed Meyers comments and provided their own responses which we have
included in our responses.

The Meyers comments on the UIC do not raise any new or significant issues regarding the
Gunnison Copper Project Draft UIC. Please call me if you have any questions concerning our
responses to the UIC comments.

Stephen Twyerould

President & CEO

Attachment
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Excelsior Mining, February 6, 2018

In the document that follows, a Technical Memorandum dated January 6, 2018 (incorrectly
dated 2017) to EPA by Dr. Tom Myers with his comments on the Gunnison project UIC
application has been compared to a nearly identical Technical Memorandum submitted to the
ADEQ dated July 27, 2017 and prepared by Dr. Meyers with his comments on the APP
application. Red line changes are what were added or deleted when Dr. Meyers modified the
July 27, 2017 ADEQ memorandum with his comments on the UIC application.

In addition, Excelsior has provided responses to a number of Meyers’ comments. ADEQ had
also provided responses to a number of Meyers’ comments and, because the memorandums
are quite similar, the ADEQ responses have also been included and are shown in italics. Both
Excelsior and ADEQ comments are contained within brown shaded text boxes. The portion of
Meyers’ memorandum addressed by a particular text box is highlighted above the box in green.
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Torn lVlyers, Ph.D.
Hydrologic Consultant

6320 Walnut Creek Road
Reno,NV 89523

775-530-1483
tommyersl 872@grnail. corn

Technical Memorandum
Review of Underground Injection ControlAguifer Project Permit and Application
Gunnison Copper Project

I January 6JuIy 27, 2017

Dragoon, Arizona

Summary and Conclusions

Excelsior Mining Arizona proposes to construct an in-situ leach and recovery copper mine near
Dragoon, Arizona. This technical memorandum reviews the draft Underground ln~ection
Control Permit (UIC) and application materialsAguifer Protection Pcrmit Application for the
Gunnison Copper Project.

The regional aquifer under consideration extends from the Little Dragoon Mountains in the
west to the Gunnison Hills in the east and Dragoon Mountains on the south. Groundwater
generally flows from recharge areas near the Little Dragoon Mountains and within ephemeral
channels in the west almost directly eastward across the site to gaps in the mountains north
and south of the Gunnison Hills. Groundwater would flow through these gaps eastward to the
broader Wilicox Valley.

The aquifer properties are highly heterogeneous and oriented according to the dip of faults and
fracturing that occurs naturally in the area. However, the analysis presented in the UICA.P.P
application averages the hydrologic properties so that heterogeneity is not well considered and
the importance of preferential flow paths is minimized. Fracture intensity and porosity
modeling shows substantial variability that the application tends to present as averages. Even
though the pump tests indicate that properties vary by direction, with a tendency for the
northwest to southeast direction to have higher conductivity, the analysis in the application
does not account for this. Averaging and failure to consider directional differences causes the
application to not adequately consider preferential flow paths caused by fracturing and through
which much more groundwater, and injected fluid, would flow.
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The project is an in-situ leach and recovery project for copper (Cu) in the bedrock formations
underlying the basin fill at the site. The project involves injecting an acid solution into the
groundwater of the bedrock aquifers so that it can leach Cu which would then be recovered in
capture or collection wells. The well layout would have four collection wells surrounding each
injection well, but a map of the pattern suggests that each collection well would be part of the
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four collection wells surrounding other injection wells. The injection rate would vary with time
throughout the project life, with the total injection increasingranging from 5300 to 25,600
gallons per minute with over the protect life.lower rate for the first ten years. The
injection/collection process would collect more water than is injected, which should cause a
general groundwater level drawdown within the well field. A line of hydraulic controlcollection
wells would surround the well field and be designed to withdraw water and create a trough in
the potentiometric surface intended to prevent fluid from escaping from the wellfield.
Predicted drawdown from hydraulic control wells would extend to the east of the well field by
1200 to 1500 feet from the control wells at maximum pumping based on modeling. —

LH!flH Lh~i~ H HHh~[]ü\,V ~1Lh, ~U~:

The processing of copper would allow most other metals to remain in solution, and be circulated
back through the system, so that the water would have concentrations of metals and some
anions that are multiple times their water quality standards. Concentrations of cadmium, lead,
selenium, nickel, thallium, zinc, and fluoride, among others, would be orders of magnitude
higher than background levels and most water quality standards. The incredibly poor water
quality of the leach solution exemplifies why preventing any of it escaping the system is critical.

The application argues this site is favorable for “maintaining control of the leach solution”
because there is limestone within and downgradient of the wellfield, which would provide a
large attenuation and neutralizing capacity.
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The monitoring plan proposed for the prolect area is insufficient to protect downgradient water
resources. Although there are several rings of monitoring wells, they would be insufficient.
The spacing does not account for aquifer heterogeneity, in both the horizontal and vertical

6



direction. In a highly fractured aquifer, contaminants would follow the most transmissive
pathway, but there is no certainty these pathways would be monitored. This is especially
problematic with respect to the potential for flow southward through fractures perpendicular
to the regional gradient. The monitoring would not detect excursions through the southern
project boundary.

ir...J~ ~ ~ !LIC~ (l:H~n ~)U~c1 ~l~c) ~th~\A/~. •~ ~ ~1\i~ •r~•~~; I
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The following sections provide much more detail regarding the application, and the factors of it
that should be improved to make the UICAP-P application more protective of the environment.
This is especially true for the groundwater modeling and the POC wells.

Introduction

This technical memorandum is a review of the draft Underground Iniection Control (UIC) Permit
and supporting documentsAguifcr Protcction Permit Application for the Gunnison Copper
Project proposed by Excelsior Mining Arizona. (CCJ\ 2016). Clear Creek As~ociatc~ attached
several other studies to the application that were also reviewed herein. These included the
Aquifer Testing Report (Appendix G) and the Groundwater Modeling Report (Appendix I). Other
appendices contained data and other information that supported the application or Appendix I,
including a Hydrology Investigation Well As Built Diagrams (App C), Hydrogeological Well
Completion Report (App F), Geophysical Logs (App H), and Fracture Gradient Testing and
Analysis (App N). References hereinwithin thi5 review are to the draft permit or its appendices,
as well as to CCA (2016), the application for the Arizona Aquifer Protection Permit (APP),
because it provides a good discussion of how some aspects of the proiect tie together. Many
of) or to the documents are the same for each permit, but have different namesvarious
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appendices.

Regional Hydrogeology

Surface formations at the site and around the valley from the Little Dragoon Mountains to the
Gunnison Hills are basin fill except near the mountains where there are bedrock outcrops.
Basin fill is generally eroded material from nearby mountains that has settled into a valley and
has been minimally sorted by rivers and streams. The basin fill near the proposed wellfield is
saturated only in one area near the project site. East of the project site and near Dragoon, the
basin fill approaches 1000 feet in thickness in a deep north-south trending trough.

Groundwater generally flows from recharge areas near the Little Dragoon Mountains and within
ephemeral channels on the west side of the valley through bedrock to deep basin fill almost
directly eastward across the site. Groundwater recharge is precipitation that percolates
through the soil and rock to reach the groundwater table. Depth to water ranges from 244 to
655 feet, with most water levels below the top of bedrock except for a north-south swath across
the western third of the site where the water levels indicate the aquifer is confined (CCA
2016, p 5-9). Confined aquifers are those in which the water pressure causes water level in the
wells to rise above the top of the aquifer, the confining layer that separates the aquifer from
overlying formations.

Groundwater flowing in bedrock fractures to the east would reach the basin fill in the deep
trough east of the site. Groundwater likely discharges to saturated fill in the deep trough.
Residence time, or the average time for water to cycle through the aquifer, in the fill is likely
very long, on the order of at least centuries if there is mixing. If mixing is limited, the residence
time for some of the water could be much shorter. East of the proposed wellfield,
groundwater either flows south to a gap between the Gunnison Hills and Dragoon Mountains
or north of the Gunnison Hills.

The regional potentiometric surface slopes steeply east until reaching the saturated basin fill
east of the project site where the slope flattens greatly (Figure 1). Flow in the bedrock is mostly
east toward the saturated basin fill. In the fill, the slope is much flatter but to the south and the
discharge point east to the Willcox Playa area. Hydraulic gradient, slope measured in feet per
foot, is significantly flatter through the area of the deposit, and proposed wellfield, about 0.01
or lower than in bedrock to the west (CCA 2016, p 5-11). The application claims it is due to -

more fracturing and higher permeability associated with 5karn mineralization but the gradient
flattening could also be due to flatter topography and structures downgradient, such as
impervious faults on the west face
more fracturing and higher permeability associated with skarn mineralization but the gradient
flattening could also be due to flatter topography and geologic structure downgradient, such as
impervious faults on the west face of the Gunnison Hills damming or diverting the flow.

9



10

~ent latest measurements available at each site.
>oinls have been removed In areas where many

Figure 1: Figure 11 from Attachment A-2Appcndix I showing the regional potentiometric surface.
The red boundary line is the bounds of the regional groundwater model.
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Figure 2: Figure 5-10 from Clear Creek Associates (2016) showing the potentiometric surface at the site
and to the west and northwest.
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Geologic formations beneath the basin fill are in order of increasing depth are Me (Escabrosa
Limestone), Dm (Martin Formation), Cau (Upper Abrigo), Cam (Middle Abrigo), Cal (Lower
Abrigo), and Cb (Bolsa Quartzite) with pCu (PreCambrian Undivided) underlying these
formations. These formations dip about 20 to 40 degrees to the east, and there are several
near-vertical faults that offset the formations. Mineralization occurs in most of these with the
base of the well field expected to be in the Cal formation (CCA 2016, Figures 3-5, -6, and -7).
The bedrock surface is highly variable, which makes the basin fill thickness vary substantially.
Bedrock elevation contours show significant variability over short distances, including drops of
as much as 300 feet (CCA 2016, Figure 5-13).

Local Hydrogeology

There are 202 known wells within ~4 mile of the project, although these are mostly mine
exploration drill holes including those of Excelsior (CCACIear Creek Associates 2016, p 5-1).
Most are owned by mining companies. Excelsior constructed 32 total wells through basin fill
into the bedrock (Figure 3~). The deepest wells, greater than 1400 feet, are in the south-central
and southwest portions of the project area (Figure 3). There were additional coreholes drilled,
to as deep as 2500 feet
southwest portions of the projoct area (Figure 2). There were additior-~’ ~ drilled. to n’
dccp as 2500 feet (CCA 2016, p 5-4).
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Excelsior (Attachment A-3Appcndix G) estimated most material properties using pump tests
and geophysical techniques to estimate fracturing the various wells. Pump tests were
completed with four two- hour steps followed by five days of steady state pumping and with

Figure ~:

Aquifer Properties and Pump Tests
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three days of recovery monitoring. Drawdown in observation wells was monitored so there is
an indication that properties in one direction is different from properties considered in a
different direction, which may be the effect of fractures.

Attachment A-3Appcndix G Table 1 summarizes estimate transmissivity (T), maximum pumping
rate (Qmax), and drawdown (Hmax) for each pump test. Transmissivity is the product of
conductivity (K) and aquifer thickness. Conductivity K is the ease with which groundwater flows
through a formation. The pump tests show a very large variability in T, more than three orders
of magnitude, with values from 2 to 4000 ft2/d (K varies from 0.01 to 9.8 ft/d based on
formation. The pump tests show a very large variability in T, more than three orders of
magnitudc, with values from 2 to 4000 ft~/d (K varies from 0.01 to 9.8 ft/d based on thickness -

equal to pumping screen thickness, Attachment A-3Appendix G, Table 3) and maximum pumping
rates from 2 to 170 gpm. Lower pumping rates generally coincided with a low T. The author
indicates that the variability “is to be expected as some wells were completed in highly fractured
rocks while others were in unfractured or solid rock” (Attachment A-3Appcndix G, p 6). Because
the formations dip, it is likely that most wells intersected some fracture zones so that T probably
is related to the fracture density rather than simply the prese—~” ‘~“tures. The ‘~“~ range in
K around the si y heterogeneous.
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The pump test for well NSH-005, which is completed in bedrock, caused a larger drawdown in
basin fill well NSH-006 than did the pump test directly in well NSH-006 (1.8 ft v 0.4 ft). Both
wells are completed near the Forty Mile Fault structure (Attachment A-3Appcndix G, p 15).
Well NSH-006 has about 30 feet of saturated fill so it is in the primary unconfined aquifer at the
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site. This substantial response indicates the fault connects the bedrock with the basin fill so
that stresses in the bedrock that affect the fault will also affect the water in the basin fill. This
observed connection suggests that injected water (lixiviant) near this location could be forced
upward into the unconfined aquifer. Pump testing at NSH-006 caused only 0.4 feet of
drawdown but the pumping rate was very low; small drawdowns were observed at two bedrock
wells (Figure 3~-~) confirming the connection. ft ~;v~mIc1 hmie L)~[! ii ft~1 •~

~ c)~}i~HCk ~iH1Lft~15,
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Figure 123. Compilation of K-values from the Gunnison ore body by azimuth and magnitude

Radar plot of Hydraulic Conducitivity, K in ft/day

N

I Figure 4~: Figure 123 from CCA (2016) Attachment A-3Appcndix G showing the relation of hydraulic
conductivity with azimuth between pumping and observation wells.
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The application claims that even “the low-yield wells demonstrated long-distance
hydraulic connectivity with observation wells” (Attachment A-3CCA 2016, p 3Th-4~), based
on responses even when the wells were not screened in the same fracture zone. In a
confined aquifer, a stress in one location will propagate as a pressure response in all
directions; Excelsior properly references
this response as indicating the aquifer is confined. However, Excelsior may be implying that
this means that groundwater (and contaminants, or lixiviant) will flow from one point to the
other. As noted in the pump test analysis, due to the directional tendency of the fractures,
much of
the flow may be parallel. Pressure responses occur in all directions in a confined aquifer,
and may not represent proof of flow between the two points. This interpretation is
important because of the need for the injection/collection system to capture flow from all
points of the system.
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Excelsior also did not interpret the pump tests accounting foraccording vertical connectivity
or use available core holes to determine connectivity of wells within the proposed well field
and formation beneath well field. As noted, coreholes had been completed to as much as
2400 feet bgs.~

.1
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Most of the storage coefficients from tests near the proposed well field indicate confined
conditions, although there are exceptions usually on one or more of the observation wells for
a given test. Storage coefficients indicate how much water would be released from storage
due to a change in pressure within the aquifer. The values vary overa~ much as six orders of
magnitude which indicates great variability and that no average value should be applied over
the entire model domain. Storativity probably varies among bedrock type and among the
fracture density, thus no estimate will be accurate for the entire domain. This is a critical
problem for the modeling because storativity controls the amount of water that would be
released for a given change in potentiometric surface.

Estimated porosity values from pump tests are minimum because drawdown at the
observation wells had not come to equilibrium (Attachment A-3CCA 2016, p 29&44).
Excelsior also used gamma-gamma logs to estimate porosity for each 0.1 feet down the
wellbore (CCA 2016),7 but presentedprescnts only a weighted average for seven wells and
determines only an overall estimated porosity of 2.7% (Attachment A-3, p 29).
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Summary

The hydrogeology of the area shows a very heterogeneous, anisotropic aquifer, with
variability being maximum at the proposed well field.
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The roundwater divide is ver flat and ust south of the divide the re ional radient is more
south and Southeasterl than north of the divide. This would direct contaminants that cross

wells near Dra oofl could increase the Southerl com onent of the radient es eciall

!i2LQuh
referential athwa s. Third drou ht could decrease rechar e West of the site and lower the
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Water Chemistry

The groundwater is generally a calcium-sodium-magnesium-bicarbonate type with TDS
varying from 210 to 420 mg/I, with some high fluoride concentrations. Samples from the
sulfide zone are sodium-carbonate-bicarbonate or sodium-bicarbonate-chloride-sulfate with
higher TDS (p
5-6). Metals are generally low but there were some hits of volatile organics. Excelsior
reported petroleum products in the croundwater on the nroiect cite. Corehole~ CS 10 and
CS 14 had

Excelsior reported petroleum products in the groundwater on the project site. The
following discussion of petroleum contamination is based on the discussion in the UIC
application (CCA

Excelsior modeled the regional hydrogeology using a groundwater flow model based on the
MODFLOW code. The model was reviewed, and the review is included as the bottom section
of this document.
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2016), because no discussion of petroleum contamination was found in the UIC documents.
Coreholes CS-b and CS-14 had free petroleum product in the groundwater, which means
there is LNAPL (light, non-aqueous phase liquid) floating on the surface of the water (Figure
~4). After pumping it from the corehole, it reappeared and was 0.25 feet thick in about ten
days (CCA 2017a, p 5 8). That indicates there is a significant source of LNAPL near the site.
The clustering of wells with

2016, p 5-8). That indicates there is a significant source of LNAPL near the site. The
clustering of wells with different hydrocarbons, as seen by the distribution of
hydrocarbons in Figure 54, may reflect different transport and attenuation rates for the
different products within the fracture zone affected by the source. The intermixed wells
without any hits may be screened in different fracture zones.
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Figure ~4: Figure 5-9 from Clear Creek Associates (2017a) showing the wells and coreholes
with petroleum hydrocarbon hits.

Excelsior explains the potential sources are The Thing gas station and the Johnson Camp Mine,
although the mine may not have stored petroleum products (CCA 2016, p 5-9). The Thing site
had underground storage tanks removed in 1996 because there had been contamination
detected in the soil. ADEQ closed the case files investigating the contamination between the
substantial depth to groundwater (hundreds of feet) and the presence of bedrock just two feet
below the tanks. Most of the detections (Figure ~4) are potentially downgradient of the Thing
site (Figure ~ If indeed The Thing is the source, there has been substantial transport and lack
of attenuation, which could be a significant source of contamination to the project.
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As noted, the mine apparently did not use gasoline, so Excelsior seems convinced that it could
not be a source (CCA 2016, p 5-9). They also point to the gradients of the potentiometric
surface which suggest that groundwater flow from the mine would be to the northeast and
would miss the project site by a mile or more. The potentiometric surface (Figure 2~) appears
to drop steeply northeast of the mine and appears to form a ridge on the west side of the
project site.

Due to the importance of understanding the source of petroleum products, Excelsior
should reconsider the potentiometric surface map to consider whether the water levels
used for mapping all represent the same aquifer level. In a fractured rock aquifer, it is
not often appropriate to assume there are no vertical gradients. The map with water
level with respect to the top of the bedrock (Figure 5-12, CCA 2016a) shows significant
variability in small areas, suggesting that it is possible the water levels represent
different bedrock levels. It is possible that groundwater flows southeast from the mine
at certain levels. For this reason, the mine cannot be ruled out as a source.

Figure 5: Figure 5-10from Clear Crack
and to the wc~t and northwcrt.
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• Hydrocarbons in the groundwater could affect the chemistry of the project. Excelsior
must complete a larger survey of the LNAPL contamination and assess whether and how
it could affect ISL operations.

Copper Mining Project

The project is an in-situ leach and recovery project for copper in the bedrock formations
underlying the basin fill at the site. The project involves injecting an acid solution into the
groundwater of the bedrock aquifers so that it can leach Cu which would then be
recovered in capture or collection wells. The project involves the construction of various
ponds and a solvent-extraction electrowinning plant (SX-EW plant). The SX-EW plant
would be at the Johnson Camp mine during phase 1 and then just east of the mine in
phases 2 and 3 (the second ten years of the 20-year project life) (Fact Sheet, Clear Creek
Associates 2016, p 1-4). The site plan (Figure 6) only shows the SX-EW plant at the mine
site.
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The well layout would have four collection wells surrounding each injection wells. However,
the map of the well field (App I, Figure 44, shown below in the review of groundwater
modeling as Figure ~4-7) shows a 5-spot well pattern that shows that each collection well
would be part of the four collection wells for at least four injection wells. The development
blocks (App I, Figure

45) indicate that sections of the well field would be developed such that 5-spot patterns
would overlap with adjacent 5-spot patterns which would cause the 4:1 collection to
injection well ratio to not hold throughout the project life.

Figure 6: Facility site plan, from Figure 1-2 (Clear Creek Associates 2016)
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The injection rate would vary with time throughout the project life (Attachment KCCA 2016,

p 7 5). Total rates range from 5300 to 25,600 gpm with the lower rate for the first ten years
(Draft Permit, p 16).- They also propose to limit pressure applied according to the formation
type, with a 0.9 factor75 psi/ft of safety (Draft Permit, p 21).scrccn length. L~1IJ!~

A line of collection wells, known as hydraulic control (HC) wells, would surround the well field
and be designed to withdraw water and create a trough in the potentiometric surface intended
to prevent water from within the wellfield from escaping from the wellfield. Predicted
drawdown from HChydraulic control wells would extend to the east of the well field by 1200 to
1500 feet from the control wells at maximum pumping based on
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1200 to 1500 feet from the control wells at maximum pumping based on modeling
(Application, p 5-15). Also, modeling suggests drawdown would never exceed 50 feet (Id.).

As described below in the groundwater modeling section, the model uses model cells with
averaged material properties, so estimated drawdown is an average for the cells that does not
account for preferential flow paths. The model does not consider the potential for fractures to
transmit flow and contaminants from the well field. The modeling includes MODPATH

#4 knIn~n, ~., fAn (2 rn, I I-n.-fin.,
0

fractures to transmit flow and contaminants from the well field. The modeling includes
MODPATH simulations which are described below in the Groundwater Modeling section. The
use of HC wells as monitor wells is discussed further in the monitoring well section below.

The system works by injecting acid-rich barren solution into the ore-bearing aquifer. The low
pH leachate would dissolve copper, and other metals from the ore. The processing of the
pregnant solution would remove copper, after which the solution would be recycled to be
used for leaching again. Acid would be added to lower the pH once again before being
reinjected into the ore body. The processing of copper would allow most other metals to
remain in solution, so that the water being circulated through the system would have
concentrations of metals and some anions that are multiple times their water quality
standards. Concentrations of cadmium, lead, selenium, nickel, thallium, zinc, and fluoride,
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among others, would be orders
of magnitude higher than background levels and most water quality standards (CCA 2016, Table
6-1, Appendix J-3). The incredibly poor water quality of the leach solution exemplifies why
preventing any of it escaping the system is critical.

Excelsior argues this site is favorable for “maintaining control of the leach solution”
(Application, p 7-2) because there are no drinking water aquifers, or underground sources of
drinking water (USDW) above or below the zone of injection, and there is limestone within and
downgradient of the wellfield which would provide a large attenuation capacity. The well field
would be sandwiched between mostly unsaturated basin fill and a mostly low permeability
sulfide zone below. The application presents evidence that the potentiometric surface is above
the base of the alluvium in some areas which would confirm the target zone is a confined

aquifer, which means pumping it would have little effect on water levels in any saturated layers
above the target zone. The underlying sulfide zone has low conductivity, as confirmed with two
pump tests which at 1 and 4 gpm caused substantial drawdown.

Excelsior’s claim regarding downgradient attenuating formations is too broad with respect to
the downgradient Escabrosa and Horquilla limestone because they fail to consider how much of
the amount of neutralizing carbonate rock would actually contact any acid escaping the well
field. If acid escapes and contacts the limestone much of it could be neutralized, but only if the
acid solution actually contacts the limestone. If the acid solution preferentially flows through
fractures in the limestone, it may use much of the carbonate within the fractures so that the
remaining acid would flow through without actually contacting the neutralizing limestone.
Analyses that simply show the limestone has sufficient neutralizing capacity, such as Appendix
i-i, but do not assess the flowpaths through the limestoneL cannot prove the downgradient
formations are an adequate buffer. The limestone should not be relied on to neutralize acid
that reaches it unless there is an accounting for the effective neutralizing capacity of in situ
limestone.



The injection/collection well fields would be rinsed after the copper has been removed to flush
the contaminants from the aquifer and the groundwater. The plan includes rinsing with three
pore volumes of freshwater (Stage 1), followedfollow by rest for one year (Stage 2), followed by
rinsing with two more pore volumes (Stage 3) (Draft permitCCA 2016, p 39~7—44). The rest
period allows the latent solution to reside in the pores where ongoing neutralization would
occur. They estimate this would require a year. The injection/collection wells no longer being
used would be abandoned and closed. The standards for determining when rinsing is done are
water quality standards in random samples (Draft permit, p 40). —~
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Monitoring Wellsthc Project

If the well field operates properly and there are no fractures connected to iniection but not
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recovery wells, the project would not contaminate offsite groundwater. However, even if
monitoring wells show a 1% inward gradient, it is possible for fluids to escape The Gunnison
Copper Project would utilize three types of wells to maintain and monitor hydraulic control
through preferential flow pathways.

Groundwater monitoring wells are necessary to verify that the project is operating properly,
since a significant change in gradient around the site or changes in specific conductivity or other
contaminant would identify the problem. For this reason, the monitoring well layout is of
utmost importance. Also, the monitoring wells must be designed to protect potential
incursions offsite to groundwater users in the area. The draft permit (p 6) claims there will be
30 HC wells, 22 observation wells (OW), 3O~ Intermediate Monitoring Wells (1MW), and five
point-of Observation Wells (OW), and Hydraulic control wells (HCW). The project would also
deploy Point of Compliance (POC) wells, outside the area of hydraulic control to detect
contamination migrating away from the cite. While the 1MW, OW, and HCW wells are critical in
controlling and monitoring mining operations, the POC wells would be constructed along an
outer ring, so they would be the last monitoring wells to detect provide the best indication of
contaminants leaving the project site. There will also be up to 120 rinse-verification monitoring
wells (RVW) (Id.). These will monitor up to 1400

Class Ill injection and recovery wells constructed through the project site (Id.).

Figure 7, Figure A-7 from the draft permit, shows the HC, 1MW, and POC wells for the site. The
OW wells show as green circles without labeling; some of them plot underneath the yellow
squares showing HC wells, so the figure is not perfectly clear. There are three pairs of OW wells
and seven HC wells across the southern boundary of the well field, or about 2000 feet. Most
remaining HC wells spread along the east and northeast boundary of the site, about 4000 feet,
with two HC wells on the west. There are seven pairs of OW wells on the east and one pair on
the west (Figure 7). Not all wells would operate simultaneously, however. Draft permit,
Appendix A, Figures A-7a, A-8, and A-13 through A-16, show the monitoring wells as operated
for given time periods. _________________
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Figure 7: Figure A-7migrating away from the draft permit, Appendix A, showing the project
area and location of hydraulic control wells, observation wells, and point-of-compliance wells.
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HW and OW wells surround the immediate prolect site, as shown in Figure 7. HC wells would
surround the project site and are pumped to create a trough in the water table to capture any
water escaping the project and to assure that flow is toward the prolect. There would be up to
30 such wells, although not all would operate at the same time, with operations based on
which sections of the proiect are being processed at any given time. The amount of water
pumped from them would cause total project recovery to exceed total injection by 1%. Fluids
pumped from the HC wells would be monitored for SC, so if these wells capture any proiect
lixiviant, SC would spike. Twenty-two paired OW wells (11 pairs) would monitor the gradient,
which is intended to be inward, with inward meaning that groundwater levels outside the
project would exceed those inside the project. The OW well pairs must demonstrate a 1%
gradient toward the well field.

The gradient measured by the OW wells as designed could meet the standard but there could
be zones within the monitored rock with gradients away from the project. The water level in an
OW well would rise to a transmissivity-weighted average of all productive zones within the well.
Each productive zone could have its own gradient which could be masked within the OW well.
Flow could leave the mine site undetected. The only way to prevent this is to monitor each
productive zone separately, which can be accomplished by using the geophysical logging to
identify layers in the formations.

Each OW well should be assessed to determine whether there are different productive
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zones. If there are substantial differences in fractures or other indicators of differing
permeability down the well bore, the permittee should isolate each zone for separate
monitoring, including groundwater level and water quality. This is the only way the OW
well pairs can adequately monitor the gradient around the site and assure no flow will
likely leave the site.
HC wells should also be considered as to whether they control some flow zones better
than others. Pumping wells that span more than one productive zones will withdraw
water according to the transmissivity of the various zones. If those zones do not
coincide with the well field production zones, the HC wells may not provide the
necessary control. The HC wells should have the ability to produce from all productive
zones they intersect.

The Draft Permit establishes special consideration for three HC wells established on the
southern prolect boundary prior to year 1 (Draft Permit, p 25). The consideration includes daily
monitoring of SC, even though the development is at least 700 feet north of the boundary. This
indicates the EPA recognizes the potential for southward flow, but their response is inadequate
because the wells would be spaced too widely.
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Figure 8: Portion of Draft Permit, Appendix A, Figure A-13 showing the intermediate and HC monitoring
well layout for year 1. the green circuls are 1MW wells, the trianges are inactive HC wells. The figure
shows faults and the prolect boundary (blue dashed line.

There would be POC wells to detect whether contaminants are moving off the wellfield.
Excelsior proposed five POC wells located outside the area of review (AOR) (CCA 2016, p 5 13)
~Figure 7). The AOR is roughly the hydraulic barrier created by the hydraulic control wells. The
five POC wells are grossly insufficient for two reasons. I
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Second, five wells spaced along the pollution management area perimeter (Figure 7) is grossly
insufficient spacing. Large contaminant plumes could flow between the wells undetected.-
Also, their placement assumes the potontiometric surface gradient is adequately known to be
sure there could be no movement to the south, north, or even west. This is an unsupported
assumption because, as discussed elsewhere, heterogeneities and preferential flow paths could
cause flow paths that are not perpendicular to the general contours.

There would also be five POC wells downgradient of the impoundments (Figure 7), intended to
detect leaks from those impoundments. POC wells 9 and 10 would monitor along the
downgradient side of solids ponds 1 and 2. Having just one well for each of those ponds is
insufficient because they would only detect contaminants that leak into a flowpath directly
upgradient of the well. The size of those ponds should make obvious there are many areas that
could contribute contaminants that would not be upgradient of the POC well. These POC wells
would detect contaminants that reach the water table through the unsaturated zone, so the
source would be at the water table. They would disperse vertically, but not that deeply. The
wells should screen the water table and extend below the water table the minimum possible to
be sure that water table does not fall below the well. The 60 foot proposed screen thickness is
far too large to adequately detect contaminants at the water table because it would allow for
cle3ner. dernc~r wpter to dilutn thr rnnt~min~int’~
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The obvious concern for contaminant excursions across the southern boundary indicates
additional importance for monitoring the southern boundary of the site. This is the boundary
that separates the project from Dragoon, and as discussions above have shown, there is a
substantial potential for flow to vary from the regional contours and head south. The UIC
should monitor for this by considering the following:
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~able. The screen
length should be the minimum po~ible to avoid the water table dropping below it~
bottom

• The HC wells should be fully installed and active at the beginning of mining. This would
create a trough in the water table that would prevent excursions, if the pathways are
connected to the regional water table.

• HC wells should be installed in fracture zones associated with the faults.

The faults should be more fully monitored, with 1MW wells situated along each of them.

• POC wells on the south boundary should be outside the boundary created by the
HCwells. This is necessaryto monitor for contaminants not captured by the HC
wells. The - The POC wells below the ponds should span the water table to
ideguately mnnitnr rnnt1minnr+~ +k-.i- ~ .-~-.-.~-k 1-k~~

~—POC wells should be about 300 feet south of the HC wells, and be associated with
fractures and pathways associated with the faults.
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POC wells are the only monitoring beyond the HC wellsextend along thc north and south
boundaries, with some buffer as established on the east side of the prolect. There are lust four
of them, spaced at over 1200 feet and up to 2000 feet. If a plume does escape the HC wells, the
POC wells would not reliably detect it. EPA should require modeling of leaks from the prolect,
without the HC wells operating, to estimate the likely plume that would develop, including
dispersion, to determine the needed spacing. EPA should require POC wells spaced according
to the update plume modeling.

1MW wells appear to be the primary operational water quality control wells. There would be
two rings of 1MW wells between the operating mine area and the HC and OW wells (Draft
permit, Appendix I, p 8). The inner ring is for operator control and results would not be
reported. The outer ring would be monitored for SC to detect movement of fluids away from
the mine area. If sc increases beyond certain limits, there would be mandatory change in

operations to prevent further excursions of fluids from the mining area (Id.). Draft permit,
Appendix I (p 9) claims the “general principle” is to locate IMWs along “more conductive fluid
pathways”, it also claims that “aquifer test results show that all the structures are
hydrologically well connected”, so as long as an 1MW intersects a structure or bedding feature,
the 1MW should “respond to and detect potential migrations outside the active mining area in
that direction” (Id.).

The premise of locating the 1MW wells along a pathway is correct, but the claim is
that pump tests show interconnectivity is incorrect, as discussed above. Also, the
claim that interconnectivity would allow an 1MW to show contaminant excursions
would require that the , to assure that contaminants disperse through all of the
interconnected pathways. This has not been shown and is highly unlikely because
contaminant migration will follow gradients and disperse unequally through a
pathway. — _______
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Figure 7: Figure 5 16 (CCA 2016) thowing the point of camplic ________________

water quality monitoring of the perimeter of the project.
control walk.

The Draft permit does not establish concentration limits, but notes they specified for
the POC wells are TBD (to be determined) (Draft Permit, Table 2).grossly insufficient,
which is unfortunate because the POC wells are the last line of defense for determining
LI IdL contaminants are escaping the well field. First, many of the parameters would
only be monitored with alert limits set for fluoride, nitrate+nitrite, antimony, arsenic,
barium, beryllium, cadmium, chromium, lead, mercury, nickel, selenium, thallium,
adjusted gross alpha, radium 226+228, benzene, toluene, ethylbenzene, and total

POC and outer OW

~welIs would be used for
“hrvritk,n wells, and hydraulic
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xylenes. The draft permit would e-r~-require Q~jy..monitoring for various other
parameters; some monitor-only parameters, including total dissolved solids (TDS),
specific conductivity (SC), and pH (Draft Permit, Table 4.1-5B), are the best indicators
of a problem with the well field. There is a series of intermediate monitoring wells
(lMWs) at which SC would be monitored daily.

ig total dissolved solids (TDS), ~~‘- ~:~y (SC), ““‘ pH (Draft
~ L.~. J:~~ _~ LI_ -~~,;÷k 4-k,~ ~ c;,~i,.i

The method for setting the alert level would be based on the method used by Arizona DEQ
(Draft Permit, Appendix I, p 6), using observed ambient conditions, with AL=M+KS with M
being mean, S being standard deviation, K being the one-sided normal tolerance interval with
a 95% confidence limit is standard. The concentration values would account for dilution if the
screens are too large, as described above.

The alert limits and aquifer quality limits should be set and enforced for each POC, by
screened interval, to set limits and commence mitigation based on preferential
pathways.

inciuaii ~,ULLI I IL LUI IUULLI’JII ~+÷ Pr’rmit, ThbIc’ 4 1

5B), ~FL Ulu ~L~L IIIUI~WI~ UI U ~WUIU~

The draft permit establishes ambient groundwater monitoring for the POCs that should be
completed prior to commencement of mining. It would require a minimum of 8 and maximum
of 12 Lampling events, with a minimum frequency of weekly and maximum of quarterly (Draft
permit, section 2.5.3.1.2). because this could be completed in as little as 8 weeks, the sampling
could reflect ambient conditions for only a portion of the year.

pathways.

- The permit should require monitoring of pH in addition to SC at the lMWs, OWs, and
HCWs; that could provide good early warning of a loss of hydraulic control through
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• The concentration limits specified for POC wells should account for dilution. This would
account for the fact that standards could be exceeded over a portion of the water
column but not all of it. Failing to acknowledge that can lead to downgradient resources
being affected if they depend only on a small thickness of the aquifer.

The draft permit specifies various actions that will be taken if alert levels are exceeded, but they
are in the longer term insufficient. The draft permit must indicate that if exceedances last for
more than six months, the facility, or at least the specific section of the well field responsible
for the exceedance, must cease operations and commence rinsing. This is because the
exceedance is an indicator that the hydraulic control has been lost. Exceedances lasting more
than six months indicate that other steps taken have not worked. The only way to protect
downgradient aquifers would be to cease operations.

Excelsior proposed the POC wells be monitored for four ouarters after rinsing is complete (CCA
2016, p 7-13). — —~ I
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• Monitoring beyond the end of rinsing should continue as long as the estimated travel
time for particles from the most distant part of the well field to reach the POC line, plus
at least 50% for a safety factor.

There would be OWs included on the site, as shown in Figure 7. However, the draft permit and
the application refer to observation well pairs (Draft Permit, Table 2.5 2), but none of the
figures show enough detail to show what a “pair” means. They are intended to show that the
hydraulic control wells arc maintaining an inward gradient. There arc insufficient OWs showR
in Draft Permit Table 2.5 2 to show the gradient at each hydraulic control well. The observation
wells are insufficient for proving the maintenance of an inward hydraulic gradient, as described
in thc Draft Permit, section 2.6.2.4.3.

POC wells are designed for compliance monitoring and would be sampled quarterly with
provision for more frequent sampling once oxceedances occur. The lMWs, HCWs, and OWs are
used for internal flow management and are monitored for SC (and preferably pH, as suggested
above) on a daily basis. The HCWs and OWs would also be monitored for groundwater level.

• POC monitoring should be conducted monthly during the first year of commercial
production, bi monthly in the second year, quarterly from year three through five, and
biannually thereafter. POC wells should be drilled at least one year prior to commercial
operation so that baseline data gathering can begin at all of them.
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- Instead of daily sampling, SC, pH, and water levels should be monitored using
automated sensors to save costs of visiting the wells daily and to provide real time
control over operations onsite.

There are facilities on the mine site, other than the injection/collection wells, that can lead to

groundwater contamination, including two solids ponds, a raffinate pond, PLS pond,
evaporation pond, and recycled water pond (Figures 6 and 7). The draft permit does not
indicate whether these ponds would have liners, although Table 1 1 of the application indicate
they would be lined. The draft permit only discusses liner failures.

53



- The draft permit £hould be amended to specify which pon& require a liner and what
kind of liner (thickness) with leak dctcction requircd.

undwater Modeling Report -Appendix I

Clear Creek Associates modeled the regional hydrogeology using the MODFLOW computer code
(CCA 2016, Attachment A-2Appcndix I). MODFLOW is a program that solves the equations of
groundwater flow by completing a water balance among model cells. A model cell is a three-
dimensional rectangular volume in which various properties of the geology are described. Those
properties usually are an average of properties that could vary at scales much smaller than
simulated with the cells. The modeler inputs the model domain structure, material properties,
and known groundwater flow inputs to the model which solves the equations specifying the
water level or pressure over the model domain and the groundwater discharges to various
points. The model domain is the aquifer volume being modeled.

Excelsior relied on the numerical groundwater model to show that their project will control the
hydraulic gradients and prevent contaminants from escaping to the surrounding aquifer. This
section reviews the model and shows that it is not sufficient evidence to show there will be no
escape of contaminants.

Model Structure

Solving the equations completes a water balance among model cells that describe parts of the
domain. For this site, the cells range from 300 feet to 75 feet square, with the finest

discretization in the well field (Figure 93), which allows for more detailed calculations. The
model domain extends from the Little Dragoon Mountains in the northwest to the Dragoon
Mountains in the southeast (Figure 93).
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Vertically, the geologic formations are divided into seven layers. Layer 1 varies from 85 to 1648
feet thick, while layers 2 through 5 are 300 feet thick, and layers 6 and 7 are 400 feet thick
(Figure ~ All layers are bedrock in the west where bedrock outcrops in mountains and layer
1 is basin fill everywhere other than at the outcrops (p 18). Layers 2 through 4 have decreasing
amounts of saturated alluvium corresponding with the deep fill east of the project. The lower
portion of all layers is horizontal, meaning that formations dip through the layers (Figure 10~).
Layer 1 is unconfined, layers 4 through 7 are confined, and layers 2 and 3 are convertible,
meaning the model would treat them as either aquifer type depending on the simulated water
level.

~h.. •. y ~ i } h ~ fl

Figure 9&: Figure 19 from CCA (2016) Attachment A-2Appcndix I showing the groundwater model grid.
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The water balance and flow equations require boundary conditions where either the water
level, a groundwater flow, or both are specified. There are no flow boundaries on the north,
west and south bounds of the model domain which generally coincide with a topographic and
expected groundwater divide, as is appropriate. A no flow boundary is one through which
groundwater does not flow and generally means that groundwater flow is parallel to the
boundary. Recharge is the boundary in this model which provides the flow through the aquifer
system. The estimated total recharge was 738.2 af/y for the entire model domain after
calibration, which the modelers divided into Walnut Wash and Big Draw areas (CCA 2016,
Attachment A-2, Table 4). This is discussed in more detail below.

Attachment A-2

Boundary Conditions
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calibration, which the modelers divided into Walnut Wash and Big Draw areas (CCA 2016,
Appendix I, Table 4). This is discussed in more detail below.

Appendix I Figure 30 shows constant head boundaries for flow to the east. There is one to the
north where Walnut Wash leave the domain and one the south through the gap where Big
Draw leaves the domain. s~c~s~h is much [~nss~
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Modeled Material Properties

The model includes material properties, which are generally set by calibration guided by prior
knowledge of the formation properties. The prior information was the pump tests and
transmissivity estimates discussed above. This section discusses the modeled material
properties. The modelers establish hydrologic parameters using the parameter zone method,
meaning that a given geologic formation was assigned a series of parameter values. Excelsior
assigned the parameter blocks and values based on their combined geologic/fracture intensity
model, as critiqued below.

The final parameter values were set by calibration, described below, and the Initial values used
for calibration were based on correlation between fracture intensity and hydraulic conductivity.
Excelsior estimated fracture-intensity for 100 by 50 by 25 feet thick blocks within and near the
ore body. The geologic model was incorporated into finite difference model cells. Outside the
ore body, material properties were based on mapped geologic units. Each modeled material
was divided into five property zones to specify K for the formations in the model, based on the
conductivity/fracture intensity relationship (CCA 2016, Attachment A-2Appendix I, p 19).
Outside the ore body, a sixth property zone was used to simulate properties that were not as
fractured as within the ore body. The fracture intensity was assumed lower away from the ore
body, which resulted in a lower simulated conductivity away from the ore body. This has the
effect of containing the simulated effects of mining to the project site.

The fracture intensity is much higher in the areas with significant faults, as shown on Figure
1140. Faults trends just west of north through the domain south of the project site and curve to
a more northwest trend near the site. The yellows and reds on the fracture intensity model is
the area of higher fracture intensity. Fracture intcn~ity i~ much lower west and east of the
project

area of higher fracture intensity. Fracture intensity is much lower west and east of the prolect
area.area. A model fit shows that conductivity ranges from 1 to about 10 ft/d for the higher
fracture intensity (Attachment A-2Appcndix I, Figure 16).
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Attachment A-2Appendix I, Table 9 summarizes the hydraulic conductivity values by formation
type and fracture density. Fracture density is rated from 1 to 5 with increasing density
corresponding to increasing values. A 0 was used for formations away from the areas with
fracture intensity measurements.

~ •~. ~ ~ ••L•~••i•t: ~•••••~

I Figure j~4O: Figure 15 from CCA (2016) Attachment A-2Appendix I showing the geologic andfracture
intensity model.
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The conductivity values for each material zone (App I, Figures 21-27) are the result of the
steady state calibration, details of which are described below. Values for layer 1 show the
meeting of the bedrock outcrops on the west with the basin fill on the east, with low values,
less than 0.01 ft/d matching with higher values, 1 to 10 ft/d for the fill (Figure 4Q)7 The

5.

~ ••.~ ~ ~
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low K for bedrock under the outcrop extends down through all seven layers (App I, Figures 21-
27). This low K area causes the steep groundwater contours west of the well field. The high
values for basin fill, 1 to 10 ft/d, shown in red running north-south through the valley east of
the project, extend to layer 5 to represent the full thickness of the fill (Attachment A
2Appcndix I, Figures 21-25), primarily causes the flat groundwater contours seen in this area.
At depth, bedrock K is low, with K less than 0.01 ft across the southeast portion. At shallower
layers, higher K from 0.5 to 1.0 ft/d provides a conduit for flow to reach the boundary outlet
from the domain in the southeast.
1.0 ft/d provides a conduit for flow to roach the boundary outlet from the domain in the
southca5t.

Because of the fracture intensity modeling, the model has very detailed parameter zone models
within the ore bodies, as can be seen from detailed observation of the ore body on the
parameter zone maps for each model layer (App I, Figures 21 -27). Most of the well field area
has K equal to 0.5 to 1.0 ft/d, with some intermittent higher and lower cells that resulted from
the detailed fracture intensity modeling.
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Recharge is a specified flux boundary to the model, meaning the modeler sets a constant value
that is forced to enter the model at a given point, It is the boundary that inputs water to the
model. Recharge is distributed around the model domain jointly with the setting of hydraulic
conductivity, because the conductivity controls groundwater flow through the model domain
and sets the observed water levels. The modelers assumed an average 12.5 inches of
precipitation with 3% becoming recharge, “based on other similar modeling studies”
(Attachment A-2Appcndix I, p 12).
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Figure 1244: Magnified portion ofAttachment A-2Appcndix I, Figure 22 showing the details of the
parameter zones on the west side of the ore body, and to its south.



percentage to the u~e of 3% in this area. The modcIcr~ adjusted the recharge percentage to
2.8% of annual precipitation, presumably due to an inability to force the recharge into the
model without using unreasonably high conductivity values. Conductivity controls the ease
with which recharge enters the model domain, and during a steady state model simulation, the
model would establish the groundwater level at that necessary to create the gradient necessary
to force the water into the domain. If the water level is unreasonably high, the modeler has the
choice of changing the amount of water being forced into the domain or changing the
conductivity to ease the entry of the flow.
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As part of calibration, the modelers distributed the total recharge around the model domain
(Figure 1342.). The noncolored area on Figure 1342., which is most of the domain away from
the mountains and washes, represents recharge less than 0.012 in/y.
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Walnut Wash is a substantial drainage which flows east from these mountains, which indicates
there is substantial runoff from the mountains. The model simulates from 0.55 to 6.6 in/y near
Walnut Wash west of and within and north of the north quarter of the wellfield. The area is
almost 2000 feet wide and over 6000 feet long. The recharge rate into the model domain
through the Walnut Wash area is very high, the product of the rate and area shown in red.
Most other areas that represent washes are simulated with recharge from 0.12 to 0.5 in/y
(green).

Only the smallest recharge rate is used for recharge in the Dragoon Mountains in the southeast.
Even if the geology is not conducive to distributed recharge, there should be runoff that leads
to mountain-front recharge.
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Figure ~4~: Figure 32 from CCA (2016) Attachment A-2Appendix I showing the calibrated steady
state recharge rates around the model domain.
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The low K in model layer 1 west of the well field (Figure ~4) coincides with the high recharge
in the Walnut Wash (Figure j~~4~2-)-~. This causes the higher groundwater ridge and steep
slopes seen in the modeled steady state contours (Figure ~44). Much of the remainder of the
high recharge zones west of the project coincides with higher conductivity material in layer 1.

Figure 144J: Figure 21 from CCA (2016) Attachment A-2Appendix I showing conductivity in model layer

1, the uppermost layer in the model.
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Figure ~44: Figure 33 from Attachment A-2Appcndix I showing groundwater elevation
contours, residuals at observation wells, and residual statistics.

Storage properties of the material control how much water is released for a unit change in
pressure or head. It effectively controls how fast the aquifers release groundwater to pumping.
Specific storage was set equal to 0.00001/ft. which ignores the vast variability in values found
during the pump tests.

Faults and fractures play a large role controlling the flow through the model (CCA (2016),
Attachment A-2Appendix I, p 15). The model uses a horizontal flow barrier (HFB) through the
middle of the wellfield area to simulate a large head difference observed in the wells (Figure
j~5.)-~ The head is variable throughout the area, and there is a lot of variability even within
blocks as defined by the faults or HFB. For example, the difference between NSD-028 (4437)
and NSM-013 and NSD the faults or HFB. For example, the difference between NSD 02~ (1437)
and NSM 013 and NSD 027 (4391 and 4376) suggest significant vertical gradients within the
block, which suggests the model uses an HFB in appropriate areas. A NW to SE HFB would seem
more reasonable to separate NSD-026 (4423), NSH-007 (4427), NSH-008 (4425), and NSD-032
(4437) from NSH-010 (4189), NSH-031 (4198), NSH-032 (4190), NSD-037 (4296); NSH-012 is
labeled ‘1717 but it~ color code ~ugge~ts it should be 4117. The distance between these groups
is generally around 1000 fcct. 4747 but its color code suggests it should be 4147. The distance
between these groups is generally around 1000 feet.
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Figure 1645: Figure 31 from CCA (206) Attachment A-2Appendix I showing the horizontal flow
barrier and April2015 water levels near the barrier.

Model Calibration

Calibration is the process of matching simulated and observed head levels by adjusting the
material properties to adjust the simulated heads. Calibration also involves matching simulated
and observed groundwater flow rates, if there are observed rates available. Steady state
calibration occurs assuming the system is at steady state. Because there is little stress in the
aquifers near the proposed project, the system currently is close to being in steady state so
matching average water levels would be considered steady state calibration.

The description of matching simulated with observed heads (Attachment A-2Appcndix I, p 21)
suggests the simulated heads were the water table values from the simulation. This means it is
the water level in the uppermost active layers. Model layers for which the bottom of the layer
is above the water table are inactive. Because the model allowed layers 2 and 3 to be
convertible with respect to being simulated as confined or unconfined, the uppermost aquifer
could not be confined because once pressure in one layer goes above the top of the layer, the
layer above becomes an unconfined layer. —

*
a
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The residuals through the welifield area transition from high positive values, 50.1 to 137.9 with
red circles to high negative values, -115.5 to -50.0 with blue circles over a short distance. The
simulated potentiometric surface resembles an eastward dipping plane through a water table
that is both far above and far below the plane. This could be the result of a flow barrier that
causes the actual water levels to drop but is not included in the model or trying to match
observed water levels from aquifers that are not connected. th~ I:~1~]

Figure 1544 shows simulated and observed groundwater contours and residuals resulting from
the final calibration. A residual is the difference between simulated and observed values. The
simulated heads have a much more consistent gradient and resemble a surface much more
than the observed heads. This probably reflects how the model layers represent average values
over several fracture zones whereas the observation wells are monitoring different fracture
zones. Simulated contour 4200 ft lies a couple thousand feet east of the observed 4200 ft
contour which means the simulation results in a potentiometric surface above the observed.
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There is little data for transient calibration, which would attempt to match observed water level
changes due to a stress applied to the aquifer by changing storage coefficients. The modelers
calibrated to data for a pump test at NSH-015, which included a series of four short-term
pumping rates followed by a several-day period of constant pumping at 85 gpm. Drawdown at
NSH-019 had been predicted to be 4.89 feet but the model simulated just 0.01 feet (Figure
1746). This is due to the fracture-dominated flow system and that drawdown depends on the
observation well being developed in the same fracture system as the pumping well.

These results demonstrate future problems that will occur with the system. Injection of
leachate into a fracture zone that does not have a collection well or a control well will allow
flow to exit the system. Figure 1746 shows however that there is likely an inappropriate model
flow barrier between NSH-015 and NSH-019 since the observed drawdown, as noted 4.89 feet,
occurs about 500 feet east of the simulated 1-ft drawdown contour. The simulated material

properties may not connect high K values to create an actual zone. The model cells are much
larger than any fracture zone and the fracture intensity would depend on the observed
fractures within the cell.
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Figure 1746: Figure 36 from Attachment A-2Appendix I showing the drawdown from the pump test at
well NSH-015.

As critiqued above, the calibration involved adjusting recharge as well as material properties.
This would result in a nonunique model, meaning there are an infinite number of combinations
of material properties and recharge that could result in the same simulated head values (the
only observed values being matched for calibration). This may be seen from Darcy’s Law, which
relates flow rate to conductivity and gradient. For a given gradient (defined by the head
values), K would vary as flow rate (flux) varies. If flux changes, K changes as well. If the K value
is known in advance, the flux can be determined using Darcy’s Law. If both K and Q can be
adjusted, there are an infinite number of solutions to yield a measured gradient.
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The previous sections provided comments on numerous aspects of the model, but there are
two overriding recommendations which would improve the model and improve most of these
comments.
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Model Recommendations
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Simulation of the ISL System

The ISL system involves injection and recovery of acidic solutions within the ore body, using
four collection wells for each injection well. However, collection wells will be used with
adjacent wells, as shown in Figure j~4~7. Injection/recovery rates will vary and may be as high
as .100 gpm from individual wells (Attachment A-2Appendix I, p 25). Overall, the simulated
injection is several thousand gpm for the first ten years and more than 20,000 gpm during the
last seven years. most of the water would be recirculated, so this does not represent an
ongoing consumptive used.
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Figure ~4.7: Portion of Figure 44, Attachment A-2Appcndix I, showing the five-spot pattern for
injection/recovery wells.

The model simulates pumping the hydraulic control wells that surround the well field, but does
not simulate the 5-spot injection/collection regime within the well field (Figure 1948). The
hydraulic control well pumping was imposed on the steady state flow simulated in the
calibration. Simulations ran for 23 years, simulating each year as a new stress as new blocks of

injection/collection wells come on line (Figure 1948). ! I E
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The model simulated the transport of contaminants from the mining areas using particle
tracking as implemented by the MODPATH model within MODFLOW. The modelers released
contaminant particles into the model at the edge of the mining areas (Figure ~1~) at various
times based on the progression of mining. Figure 2O4~ also shows the simulated hydraulic
control wells. Being downgradient from the particle release points, the model simulates all
released particles that are captured by the hydraulic control wells (Attachment A-2, Figures
57—59).
released particles that are captured by the hydraulic control wells (Appendix I, Figures 57 — 59).

~-

~

Figure 1.94&: Figure 46from AttachmentA-2Appcndix I showing the progression of mining, in blue, and simulated hydraulic control
wells.
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The report presents the results in a time series of drawdown maps and particle tracking for
contaminants released at various points within the well field. The drawdown maps show the
entire well field would eventually have drawdown. This drawdown represents an amount of
water that has been removed from storage and would be the difference between injection
collection. Drawdown due to the project is the difference between the simulated groundwater
level at any given time in the future and the baseline, the steady state water level.

Not all areas within a drawdown cone are areas in which the groundwater flow is toward the
middle of the cone. If the baseline groundwater contours dip steeply in one direction, a
drawdown may just be a change in slope and the flow may still be away from the cone. Figure
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Figure 2049: Figure 47from Attachment A-2ilppcndix I showing the location and times that
contaminant particles are releasedfor simulation.



Z2~O shows groundwater velocity vectors (arrows showing direction with the length of the
arrow proportional to the speed of groundwater flow) and the groundwater contours (not
drawdown) for year 21 (not accounting for injection/collection wellsL

________ the center of the trough. Based on the estimated capture zone line, the yellow line on
Figure 2120 which shows the position of the groundwater divide, the water level is relatively flat
throughout the southeast quarter of the wellfield. The mound in the water table represented
by the capture zone line is only a few feet higher than the water table in the southeast corner of
the project. ]~r~~ifl ~rCLIC.~H: L L

Figure ~2O: Figure 60 from Attachment A-2Appcndix I showing the simulated groundwater contours
and groundwater velocity vectors for model layer 3, year 21, the end of Stage 3 mining.

The simulation of particle capture and release is not an accurate area, for the following reasons:
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